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A CURRENT MONITOR SYSTEM AND A METHOD 
FOR MANUFACTURING IT 



Field of the invention 



The invention is in the field of galvanically isolated current measurement and 
concerns a fully packaged integrated current monitor system and a method for 
manufacturing such encapsulated micro systems. 

Background of the invention 



A convenient principle of galvanically isolated current measurement is the 
detection of the magnetic field generated by a current. This magnetic field is 
e,g. measured with the aid of a Hall sensor which is e.g. integrated on a 
15 semiconductor substrate. Such systems are e.g. tally packaged in an IC-housing 
containing a die with integrated sensor means and a current path for the 
current to be monitored. 
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The publications DE.3828005 and WO-95/25959 describe systems according 
to the above principle in which the die with the integrated sensor means is 
mounted on a chip support. This chip support consists of an electrically 
conducting material and extends out of the IC-housing and is used as a path 
5 for a current to be measured. These systems are applicable for measurements 
in a large current range. However, the shape of the chip support (and 
consequently the current path) is dictated by its mechanical supporting 
function. Due to this constraint, the chip support cannot be optimized for its 
function as current path and therefore, an only limited sensitivity can be 
10 achieved. Furthermore, there is always the semiconductor substrate and an 
additional insulating layer between the current path and the chip with the 
magnetic sensor, i.e. a distance of approximately 0.7 mm between the current 
path and the sensor means. As the magnetic field generated by the current 
decreases drastically with the distance from the current path the sensitivity of 
15 the system is further limited. 



The publication WO-95/25959 also suggests to integrate the current path on 
the structured surface of the die close to the integrated magnetic sensors. 
20 Such a system can be packaged and contacted in exactly the same way as any 
conventional die. However, besides increasing the size of the die and 
therewith the cost of the die, the measuring range of the system is greatly 
reduced compared with the measuring range of a system in which the chip 
support serves as current path. 



25 



30 



Regarding the measuring range, the same applies to the system as described 
in the publication US-5041780 in which the current path is realized as an 
additional structured metallic layer deposited on the structured surface of the 
die containing the integrated magnetic sensors. Such a current path is 
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structured for optimum relative positioning of the magnetic sensors and 
current path and allows positioning of the sensors considerably closer to the 
current path (high measuring sensitivity) than other systems. However, 
manufacturing the die needs additional manufacturing steps (deposition and 
5 structuring of additional layers) which add to the overall costs of the die. 

It shows that all the known fully packaged systems for current monitoring and 
the methods for manufacturing them have their drawbacks regarding either 
10 measuring range or measuring sensitivity or cost. This means that the state of 
the art does not allow to manufacture a low cost system having at the same 
time a very large measuring range and a veiy high measuring sensitivity. 

IS Summary of the invention 

One object of the invention is to provide a fully packaged current monitor 
system for galvanically isolated current measurements which system is 

20 encapsulated within an IOhousing and comprises integrated magnetic sensor 
means with corresponding electronics and an electrically conducting path for 
the current to be measured and which system avoids the above-described 
shortcomings of the prior art devices, Le. covers a large current range with 
high sensitivity and can still be manufactured at substantially the same or even 

25 lower costs than the known devices. 



Another object of the invention is to show a method for low cost 
manufacturing of the inventive fully packaged current monitor system for 
30 galvanically isolated current measurement. 
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This object is achieved by the system and the method as defined in the claims. 



The inventive system covers a current range up to 50 A for the current to be 
measured. Furthermore, high measuring accuracy and high sensitivity is 
achieved due to a very small distance between magnetic sensors and the path 
of the current to be monitored. The inventive system can be manufactured 
using state-of-the-art equipment in a minimum of manufacturing steps and 
with no special adaptation of the equipment. Therefore, high volume and low 
cost manufacturing is ensured. 



The novel structure and the inventive method of manufacturing are based on 
15 the idea of modifying a standard lead frame by short cutting two or more 
leads to form a current path. This current path of the modified lead frame 
together with the leads for electrical interconnection serve as chip support on 
which the die is mounted. Thereby, the die is mounted with the integrated 
magnetic sensors and the bonding pads towards the current path and the leads 
20 whereby lead-on-chip packaging technology (LOC) is used. The necessary glue 
tape for the LOC packaging technology additionally serves as insulating layer 
between current path and sensor die to ensure a high breakdown voltage 
required for galvanically isolated current measurements. This packaging 
sequence is preferable carried out on a commercial LOC die bonder. 

25 

The inventive current monitor system shows very low power dissipation in the 
path for the current to be measured. Therefore, the system is applicable for 
currents up to 50 A without exceeding the operating temperature of the 
30 integrated magnetic sensors. Due to the perfect insulation between the current 
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path and the die with the integrated magnetic sensors a breakdown voltage in 
the order of several kV is achieved. The system response in a current range of 
± 10 A exhibits a small non-linearity below ±03%. This results in an absolute 
measurement accuracy better than 50 mA (sensitivity in the order of 0.1 
mV/A, resolution in the order of 10 mA). The performance can be further 
improved by soft ferromagnetic field concentrators. 



Above all, the inventive manufacturing method of the current monitor, system 
10 can be realized with well known and established equipment (in particular a 
LOC die bonder, a wire bonder, and equipment for plastic molding). The 
manufacturing flow requires neither an additional process step nor an 
adaptation of the equipment compared with the manufacturing flow of 
packaging a conventional die. 

15 

Generally spoken, the inventive method comprises the steps of: 

providing a die with integrated magnetic sensors, optional integrated 
20 electronics, and bonding pads for external electrical connection, 

providing a lead frame comprising a frame, leads for electrical connection 
to the bonding pads attached to the frame, and a current path formed by 
short cutting at least two leads, 

25 

- mounting the lead frame onto the structured side of the die by connecting 
the free ends of the leads and the current path to the structured side of 
the die with the aid of electrically insulating connecting means placed 
between areas of the lead frame and the die to be connected, 

30 



PAGE 69/114 » RCVD AT 9/712004 12:43:24 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3* DNIS:8729306 ' CSID:7814019966 ' DURATION (mm-ss):35-16 



09/07/2004 11:48 7814019966 



DCM, LLP 



PAGE 70/14 



WO 99/14605 FCT/IB98/D1401 



connecting by wire bonding the bonding pads of the die to the leads of 
the lead frame indented for electrical interconnection, 

encapsulating the die and the parts of the lead frame connected to the 
5 die in an IC-housing, 

and trimming off the frame of the lead frame. 



10 The electrically insulating connecting means advantageously consist of a glue 
tape as used in lead-on-chip or LOC packaging technology. Such glue tape 
usually consists of three polymer layers, whereby the outer layers have a lower 
adhesive glass transition temperature than the center layer* For the step of 
connecting, the tape is brought to a temperature above the lower adhesive 

15 glass transition temperature of the outer layers and below the adhesive glass 
transition temperature of the center layer and the parts to be connected are 
pressed together. Using such connecting means ensures an insulating layer 
having a defined thickness between parts of the lead frame and the die. Glue 
tapes as used in LOC packaging technology give an insulating layer having a 

20 typical thickness of e.g. 0.05 mm to 0.1 Tniri , 



For the step of mounting the lead frame on the die, a known and well 
established LOC die bonder can be used without any special materials or 
settings. The LOC packaging technique is widely used for assembling memoiy 
cells to increase the ratio of die size to overall packaging dimensions. Thanks 
to this application LOC technology has become a way of inexpensive and 
reliable high volume production packaging, which according to the invention 
is newly open for producing current monitor systems. 
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Advantageously, the magnetic sensors are Hall sensors sensitive perpendicular 
to the die surface and for maximum sensitivity they are positioned in locations 
of maximum magnetic amplitude perpendicular to the die surface, i.e. with the 
center of the sensitive plane of the sensors near the longitudinal edge of the 
5 current path. 



Brief description of the Figures 

Exemplified embodiments of the inventive system and the inventive method 
are described in more detail ' in connection with the following Figures, 
wherein: 

15 Fig. 1 shows an exemplified embodiment of the inventive fully packaged 
current monitor system (section perpendicular to the die surface); 

Figs. 2 to 7 show the steps of the inventive method for manufacturing the fully 
packaged current monitor system; 

20 

Fig. 8 shows a diagram of the measured response of the current monitor 
system according to Figure 1 (system response and non-linearity 
versus current); 

25 Fig. 9 shows two further exemplified embodiments of the inventive current 
monitor system which for sensitivity improvement comprise field 
concentrators on the backside of the die; 
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Fig. 10 shows a diagram of the measured response of the current monitor 
systems with field concentrators according to Figure 9 (system 
response versus current). 



5 



Description of the preferred embodiments 



Figure 1 shows schematically an exemplified embodiment of the inventive 
fully packaged current monitor system in a cross section perpendicular to the 
surface of the die 1, which is e.g.a CMOS-die. The die .1 comprises two 
integrated Hall sensors 2 sensitive perpendicular to the die surface. It is 
connected with the aid of a pre-pattemed glue tape 3 to the leads 4 and the 
current path 5 (leads and current path being parts of the same lead frame) 
and encapsulated within the iC-housing 6 whose edges are shown in broken 
lines whereby the structured side of the die faces the parts of the lead frame. 



The two CMOS Hall sensors are sensitive perpendicular to the die surface. 
The current path 5 and the die 1 are adapted to each other such that the 
centers of the sensitive planes of the integrated sensors 2 are posro'onable 
near the longirodinal edges of the current path 5 (location of maximum 
magnetic amplitude perpendicular to die surface). The few indicated magnetic 
field lines of the magnetic induction B generated by the current in the current 
path 5 show that the field lines are substantially perpendicular to the die 
surface at the sensor locations. Due to this and due to the small distance 
between current path and magnetic sensors, high system response and still 
excellent insulation is achieved. 



BMWWin- ..... . 
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With a biasing current of 0.25 mA the sensitivity of a single device is 510 
V/AT. The Hall sensor offsets are compensated according to [1] to values 
lower than 0.001 mV. The sensors are located on each side of the current 
path. The system response is the difference of the Hall voltages in order to 
5 reject common-mode magnetic fields. 



PAGE 
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The main advantages of the inventive fully packaged current monitor system 
are the following: 

- The leads for electrical interconnection of the sensor die and the current 
path of arbitrary shape are parts of the same lead frame. This lead frame 
fits into an industrial LOC die bonder. Therefore, inexpensive and high 
volume batch fabrication is provided. 

- Since the current path and the IC housing pins are parts of the same 
metal sheet a low ohmic current path to an outside current source is 
obtained. This results in a low power dissipation in the current path, and, 
therefore, in a low temperature elevation of the current path while 
operated. Furthermore, a better thermal connection to the IC housing 
pins is achieved resulting in a lower operating temperature of the current 
path. 

- The current path is positioned as close as possible to the magnetic 
25 sensors and perfectly electrically isolated by the LOC glue tape. 

- The leads for electrical interconnection of the sensor die and the current 
path are spatially separated. As a result, high breakthrough voltages are 
achieved. 

30 



20 
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Figures 2 to 7 show the steps of the inventive method for nianufacturing the 
fully packaged current monitor system. 



Figure 2 shows the lead frame 7 comprising a frame 8 and connected to the 
frame 8: leads 4 with free ends and a current path 5 short cutting at least two 
leads (only one half of the lead frame is shown). 



Figure 3 shows the step of pre-patterning the glue tape 3, the pre-patterned 
glue tape heing positioned e.g. on the free ends of the leads 4 and on the 
center section of the current path 5. The glue tape is e.g. ABLOC 5000 and is 
connected to the lead frame at 300*0 and 3 bar. This glue tape has a final 
thickness of 0.09 mm and a breakdown voltage of 14k V. 



Figure 4 shows the placing of the CMOS sensor die 1 comprising integrated 
magnetic sensors 2 (e.g. a pair of Hall sensors) and contact pads 9 for the 
integrated circuit to the glue tape 3 such that the structured surface of the die 
1 is facing the glue tape. The die 1 is placed such that the integrated magnetic 
sensors 2 are positioned on opposite sides of the current path 5. The die 1 is 
fixed to the glue tape at 300°C whereby a placing accuracy in the micrometer- 
range is possible. 



Figure 5 shows the contacting step in which wire bonds 10 are established 
between the contact pads 9 and the ends of the leads 4 using a conventional 
wire bonder. 



30 
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Figure 6 shows the system after plastic molding in which step the IC-housing 6 
is molded around the sensor die 1 fixed to the lead frame 7. 



Figure 7 shows the finished system. The frame of the lead frame is trimmed 
off and the contact pins 11 for contacting the sensor die and the current path 
are formed. 



10 



Figure 8 shows a diagram of the measured response of the current monitor , 
system according to Figure 1. The system response in mV (left) and the non- 
linearity in 1/1000 mV are plotted versus the current (range -10 A to + 10 A). 
The signal is linear with a sensitivity of 0.082 mV/A The non-linearity is 
smaller than ±03% and the signal offret lies below 0.002 mV. linearity, 
15 offset and noise result in a measurement accuracy better than 50 mA and a 
resolution of 10 mA The non-linearity is mainly due to power dissipation in 
the current path. With temperature compensation of the Hall sensor 
sensitivity the system linearity can be easily improved. 



20 



25 



30 



The system sensitivity can be further improved by magnetic field concentrators 
as shown in Figure 9 which shows current path 5 and leads 4 of the lead 
frame and two CMOS dies 1.1 and 12 equipped with field concentrators. 



The die 1.1 which was thinned to 0.075 mm carries a soft ferromagnetic sheet 
20 attached to its backside. The die 12 comprises tip concentrators 21 
fabricated by anisotropic backside-etching and plated with a soft NiFeMo 
alloy 22 [2]. The NiFeMo-film has a thickness of approximately 0.015 mm. 
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Figure 10 shows in a diagram of the system response versus the current the 
improvements achieved with the dies 1.1 and 1.2 according to Figure 9 
compared with the die 1 according to Figure 1. 



As shown by plot (a), the ferromagnetic sheet 20 of the die 1.1 improves the 
sensitivity by a factor of 1.5 to 0.124 mV/A without affecting non-linearity and 
offset of the system response. As shown by the plot (b), the tip concentrators 
increase the sensitivity even by a factor of 3 to 0.237 mV/A. Due to the 
hysteresis of this particular NiFeMo film an additional non-linearity is 
introduced. Plot (c) shows the system response of the system according to 
Figure 1. 
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CLAIMS 



1. A system for galvanically insulated current measurement, comprising: 

a die (1, 1.1, 1.2) having a structured surface with an integrated 
circuit including magnetic sensor means (2) and bonding pads (9) for 
external connections to the integrated circuit and 

leads (4) connectable to the bonding pads (9) and a current path (5) 
short-cutting at least two leads, 

whereby the leads (4) and the current path (5) are parts of the same 
lead frame (7) onto which the die (1, 1.1, 1.2) is mounted with its 
structured surface facing the lead frame (7) and with the current path (5) 
15 and the ends of the leads (4) fixed to the structured suifrice of the die (1, 

1.1, 1.2) with the aid of electrically insulating connecting means (3). 



10 



2, System according to claim 2, characterized in that the electrically 
insulating connecting means (3) is a LOC glue tape comprising three 
polymer layers. 

3. System according to claim 1 or 2, characterized in that the die (1, 1.1, 
1.2) is a CMOS die and that it comprises at least one Hall sensor 
sensitive perpendicular to the die surface and that the longitudinal edge 
of the current path (5) is positioned near the center of the sensitive plane 
of the at least one Hall sensor. 
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System according to claim 3, characterized in that the die (1, 1.1, 12) 
comprises a pair of Hall sensors and in that the Integrated circuit further 
comprises means for generating a difference of the signals of the sensors 
of the pair. 



5. System according to one of claims 1 to 14, characterized in that the 
backside of the die (1.1, 1.2) is equipped with field concentrators (20, 
21/22). 

10 

6. Method for producing a fully packaged current monitor system for 
galvanically isolated current measurement, the method comprising the 
steps of: 

15 providing a die (1, 1.1, 12) having a structured surface with an 

integrated circuit comprising magnetic sensor means (2) and bonding pads 
(9) for external connections to the integrated circuit, 

providing a lead frame (7) comprising a frame (8) and connected to 
the frame, leads (4) connectable with the bonding pads (9) and a current 
*0 path (5) short cutting at least two leads, 

mounting the die (1, 1.1, 1.2) onto the lead frame (7) by connecting 
the free ends of the leads (4) and the current path (5) to the structured 
surface of the die (1, 1.1, 1.2) with the aid of electrically insulating 
connecting means (3) positioned between areas of the lead frame (7) and 
!5 of the die (1, 1.1, 1,2) to be connected, 

connecting the bonding pads (9) of the integrated circuit to the leads 
(4) of the lead frame (7) by wire bonds (10), 

encapsulating the die (1, 1.1, 1.2) and the parts of the lead frame (7) 
connected to the die in an IC-housing (6), 
0 and trimming off the frame (8) of the lead frame (7). 
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7. Method according to claim 6, characterized in that the step of providing a 
die (1, 1.1, 1.2) comprises manufacturing with the aid of CMOS-technique 
at least one Hall sensor sensitive perpendicular to the die surface. 

5 

8. Method according to claim 7, characterized in that the step of providing a 
die (1, 1.1, 12.) comprises manufacturing a pair of Hall sensors and 
means for generating a difference of the signals of the sensors of the pair. 

10 

9. Method according to one of claims 6 to 8, characterized in that the step 
of mounting the die (1, 1.1, 1.2) comprises positioning as a connecting 
means (3) a patterned glue tape between the lead frame (7) and the die 

15 (1, 1.1, 12). 

10. Method according to one of claims 6 to 9, characterized in that the step 
of mounting the die (1, 1.1, 1.2) on the lead frame (7) is carried out with 

20 a known LOC die bonder. 



11. Method according to one of claims 6 to 10, characterized in that the step 
of providing the die (1, 1.1, 1.2) comprises inanufecturing means for 
25 temperature compensation of the sensor signals. 



12. Method according to one of claims 6 to 11, characterized in that the step 
of providing the die (1.1) comprises attaching a soft ferromagnetic sheet 
30 20 to the backside of the die. 
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13. Method according to one of claims 6 to 12, characterized in that the step 
of providing the die (1.2) comprises fabricating tip concentrators (21) on 
the backside of the die by anisotropic etching and plating with a soft 
NiFeMo-alloy. 
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